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RELATED U.S. APPUCATION DATA 

The present invandon is a CQiitiiniation-ui-part of U.S. Patent Appl. Ser. 
No. 10/033,805, entitled "Insert For A Bat Having Inq>roved Seam Orientation", filed 
on December 28, 2001 by Fritzke et al., which is a continuation-in-part of U.S. Patent 
Appl. Ser. No. 09/396,700, entitled "Ball Bat", filed on September 15, 1999 by 
Fritzke et al., now U.S. Patent No. 6,497,631. 

FIELD OF THE INVENTION 

[OOOIJ The present invention relates generally to baseball and softball bats. In 

particular, the present invoition relates to an insert for a ball bat, wherein die wall 
diickness of the insert varies along its longth. 

BACKGROUND OF THE INVENTION 

[0002J Ball bats, such as baseball and softball bats, are well known. In recent 
years, metallic bats including a tubular handle portion and a tubular hitting portion have 
onerged providing improved performance and inq>roved durabili^ over cradc-prone 
wooden bats. The most common tubular bat is the aluminum single-wall tubular bat. 
Such bats have the advantage of a generally good impact respoiise, meaning that the bat 
effectively transfers power to a batted ball. 

[0003] Generally speaking, bat performance is a function of the weight of the 

bat, the size, and the impact response of die bat. The durability of a bat relates, at least 
in part, to its ability to resist denting and dq)ends on the strength and stiffoess of the 
tubular bat frame. While recent innovations in bat technology have increased 
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performance and durability, most new bat designs typically imptove p^ormance or 
durability at the expense of the other because of competing design factors. For 
example, an attenq>t to increase the durability of the bat often produces an adverse 
effect on the bat'is performance. 

[0004] Another example of competing design factors concerns the bat*s 
optimum hitting area, commoidy referred to as the ''sweet spot." The sweet spot is 
typically located near the cent^ of the inq>act area of the bat. The performance of the 
bat typically drops off considerably when a ball impacts the bat outside the sweet spot, 
for example, near the end of the bat. When this occurs, the batter can feel greater 
vibration and less energy is transferred from the bat to the ball. An obvious way to 
increase the sweet spot of a bat is to increase the length and/or circumference of the 
bat. This option is constrained by institutional rules and regulations, as well as by the 
p^sonal preferences and expectations of ball players. In addition, an increase in the 
overall size of the bat undesirably adds weight, often causing reduced bat speed and less 
sluggiug distance. 

[0005] In the early 1990's, DeMarini Sports revolutionized the design of 

existing ball bats with the introduction of a multi-wall bat. The multi-wall bat 
comprised two tubular members (the tubular hitting portion of the bat and a second 
tubular member coaxially aligned with the hitdng portion of the bat), wherein each 
tubular member is configured to move independently in response to an impact with a 
ball in a manner characteristic of a leaf spring. This design described in U.S. Patent 
5,415,398 significantly improved the intact response of the bat without adding 
detrimental weight or uimecessarily increasing the length or diameter of the ball bat. 
The disclosure of incorporated by reference U.S. Patent 5,415,398 is incorporated by 
reference. 
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(0006) The incorporation of diese advances, other design variations and the use 
of additional materials, such as, other aluminum alloys, titanium alloys and conq)osite 
materials have resulted a large variety of well-performing ball bats. Despite such 
advances in ball bat design and materials, a continuing need exists to further improve 
the performance, durability and feel of existing bats. 

[0007] One issue affecting high performance ball bats is tihe introduction of 
performance restrictions on ball bats by many of die Industry regulatory organizations 
governing organized play. Many of these organizations have imposed limitations or 
restrictions impose limits on the maximum responsiveness of the ball bat when 
inqmcted at the sweet spot of the ball bat Not surprisingly, many existing bats, which 
were reconfigured to meet these restrictions, exhibit a significant reduction in overall 
bat performance due to the added weight, additional wall thickness, the lack of leaf 
spring independent movement between multi-walls of a ball bat, or other factors. 

[0008) Thus, a continuing need exists for a ball bat, which can satisfy existing 
performance restrictions and provide an improved overall bat slugging performance. 
What is needed is a ball bat having an enlarged sweet spot providing improved bat 
slugging performance over a wider area of the hittmg portion of the ball bat. It would 
be advantageous to produce a ball bat with an enlarged sweet spot without negatively 
affecting the reliability or durability of the ball bat. It would also be advantageous to 
produce a bat that meets Industry restrictions and provides optimum performance 
without negatively affecting the weight distribution or moment of inertial ("MOr) of 
die ball bat. 

SUMMARY OF THE INVENTION 

[0009) The present invention provides a ball bat configured for impacting a ball. 
The bat includes a substantially tubular frame and a substantially tubular body. The 
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frame extends along a longitudmal axis and has a handle portion and a primary hitting 
portion. Thebody is coaxially aligned with Ae hitting portion of timeframe. Thebo^ 
incliules a proximal end, a distal end, and Sxst and second tubular wall transition 
regions. The first tubular wall transition region is positioned closer to the proximal end 
fbm fhe second tubular transition region. The wall thickness of the first tubular wall 
transition region generally increases along the longitudinal axis from a first position, 
generally near the proximal end, toward the distal end. The wall thickness of the 
second tubular wall transition region generally increases along the longitudinal axis 
from a second position, generally nsar the distal aid, toward die proximal end. The 
body is configured to move indq)endently with respect to the hitting portion of the 
frame upon impact with the baU. 

[00010] According to a principal aspect of the invention, a bat configured for 
impacting a ball includes a substantially tubular frame and a substantially tubular body. 
The frame extends along a longitudinal axis having a handle portion and a primary 
hitting portion. The body is coaxially aligned with die hitting portion of the frame. 
The body includes a proxunal end, a distal end, a central region, and a distal tubular 
wall transition region. The distal tubular transition region is positioned near the distal 
end of the body. The wall thickness of the central region is generally uniform along the 
longitudinal axis. The wall thickness of the distal tubular wall transition region 
graerally increases along the longitudinal axis from a first position, generally near the 
distal end, toward the proximal end. The body is configured to move independently 
with respect to the hitting portion of the frame upon iinpact with the ball. 

[00011] The present invention also contaiq)Iates a performance-enhancing 
member for a ball bat. The ball bat has a substantially mbular frame, which extends 
along a longitudinal axis, and has a handle portion and a primary hitting portion. The 
bat is configured for inq>acting a ball. The performance-mhancing m^nber includes a 
substantially tubular body, which is coaxially aligned with the hitting portion of the 
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frame. The body includes a proximal md, a distal end, and first and second tubular 
wall transition regions. The first tubular wall transition region is positioned closer to 
the proximal end than the second tubular wall transition region. The wall thickness of 
the first tubular transition region general^ increases along the longitudinal axis from a 
first position, generally near the proximal end, toward the distal end. The wall 
thickness of tiie second tubular wall generally inoreasmg along the longitudinal axis 
from a second position, generally near the distal end, toward the proximal end. The 
body is configured to move independently with req)ect to the hitting portion of the 
frame upon impact with the ball. 

[00012] According to another princq)al aspect of the invention, a ball bat, 
configured for inq>acting a ball, includes a substantially tubular frame, and first and 
second substantially tubular inserts. The tubular frame extends along a longitudinal 
axis having a handle portion and a primary hitting portion. Each of the first and second 
inserts are coaxially aligned with the hittmg portion of the frame. The first insert is 
positioned within the second insert. Each of the first and second inserts includes a 
proximal end, a distal end, and first and second tubular wall transition regions. Each of 
the first tubular wall transition regions is positioned closer to the proximal end than 
each of the second tubular wall transition regions. The wall thickness of each of the 
first tubular wall transition regions generally increases along the longitudinal axis from 
a first position, generally near the proximal end, toward the distal end, and the wall 
thickness of each of the second tubular wall transition regions generally increases along 
the longitudinal axis from a second position, generally near die distal end, toward the 
proximal end. The first insert and the second insert are each configured to move 
independently with respect to the hitting portion of the frame and each other upon 
impact with the ball. 

[00013] According to another princq>al aspect of the invention, a ball bat, 
configured for impacting a ball, includes a substantially tubular frame and a 
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substaiitiaUy tabular body. The frame extends along a longitudinal axis and has a 
handle portion and a primary hitting portion. The hitting portion includes a distal 
region, a proximal region, first and second frame wall transition regions. The first 
firame wall transition region is positioned closer to die proximal aid fban die second 
firame wall transition region. The wall diidmess of die first frame wall transition 
region genoally mcreases along die longitudinal axis from a first position, generally 
near die proximal region of die hitting portion, toward die distal region of die hittmg 
portion. The wall diickness of the second frame wall transition region generally 
increases along the longitudimd axis from a second position, generally near die distal 
region of the hitting portion, toward the proximal region of die hittmg portion. The 
body is coaxially aligned widi die hitting portion of the firame. The body includes a 
proximal end, a distal end, and first and second tubular wall transition regions. The 
first tubular wall transition region is positioned closer to the proximal end than die 
second tobular wall transition region. The wall diickness of die first tubular wall 
transition region genially increases along die longitudinal axis from a first position, 
generally near die proximal md, toward die distal end. The wall diickness of the 
second tubular wall transition region generaUy increases along the longitudinal axis 
from a second position, generally near the distal end, toward the proximal end. The 
body is configured to move indq>endendy with respect to the hitting portion of die 
frame upon impact widi the ball. 

[00014] According to anodier principal aspect of the invention, a ball bat inchides 
a substantially tubular frame and a substantially tubular body. The frame extends along 
a longitudinal axis having a handle portion and a primary hitting portion. The body is 
coaxially aligned witii die hitting portion of die frame. The body includes a proximal 
end, a distal end and an av^age thickness value from the proximal end to the distal 
end. The wall thickness of the body varies along its length such that at least first and 
second separate portions of the body each have a thickness, which is greater than the 
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average thickness , and at le^ tiiiird and fourth separate portions of fbt body each have 
a wall thickness which is below the average wall thickness vahie. The body is 
configured to move independently with respect to the hitting portion of the frame upon 
inq)act with die ball. 

[00015] This invention will become more fiiUy understood from the following 
detailed description, taken in conjunction with the acconqmying drawings described 
herein below, and wherein like reference numerals refer to like parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00016] FIGURE 1 is a side view of a bat in accordance with a preferred 
mbodiment of the present invention, wherein a section of a hitting portion of a frame 
of the bat is removed to show an insert. 

[00017] FIGURE 2 is a side perspective view of the insert of HG. 1 . 

[00018] FIGURE 3 is a longitudinal cross-sectional view of a portion of the bat 
and the insert oif FIG. L 

[00019] FIGURE 4 is a longitudmal cross-sectional view of a portion of a bat and 
an insert in accordance with an alternative preferred embodimeht of the present 
invention. 

[00020] FIGURE 5 is a graphical representation of the ball bat coefficient of 
restitution in relation to the center of percussion for two ball bats. 

[00021] FIGURE 6 is a longitudinal cross-sectional view of a portion of a bat and 
an insert in accordance with another alternative preferred embodiment of the present 
invention. 
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[00022] FIGURE 7 is a longitudinal cross-sectional view of a portion of a bat and 
an insert in accordance with another alternative prefened embodiment of the present 
invention. 

[00023] FIGURE 8 is a longitudinal cross-sectional view of a portion of a bat and 
an insert in accordance with anotiier alternative preferred embodiment of die present 
invention. 

[00024] FIGURE 9 is a longitudinal cross-sectional view of a portion of a bat and 
an insert in accordance with another alternative preferred embodim^ of the present 
invention. 

[00025] FIGURE 10 is a longitudinal cross-sectional view of a portion of a bat 
and an insert in accordance with another alternative preferred embodiment of the 
present invention. 

[00026] FIGURE 11 is a longitudinal cross-sectional view of a portion of a bat 
and multiple inserts in accordance with another alternative preferred embodiment of the 
present invention. 

[00027] FIGURE 12 is a longitudinal aoss-sectional view of a portion of a bat 
and an insert in accordance with yet another alternative preferred embodiment of the 
present invoition. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00028] Referring to FIG. 1 , a ball bat is indicated generally at 10. The ball bat 
10 of FIG. 1 is configured as a Softball bat; however, the invention can also be formed 
as a baseball bat, a rubber ball bat, or other form of ball bat. The bat 10 mchides a 
frame 12 extendmg along a longituduial axis 14 and has a relatively small diameter 
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handle portion 16, a relatively larger diameter hitting or inq)act portion 18, and an 
intermediate tapered portion 20 that extends between the handle and impact portions 14 
and 16. In a preferred embodiment, the bat 10 further includes a tubular ins^ 22 
coaxiaUy aligned with the frame 12. 

[00029] The tubular frame 12 is an elongate structure formed of a high tensile 
strength, durable material, preferably a high-grade aluminum siich as C405 or C55S. 
Alternatively, the frame 12 can be formed of other materials including other metallic 
alloys, a carbon-fiber composite material, a metallic fiber composite material, a 
fiberglass, or fiberglass other conq[)osite materials, or combinations thereof. An 
exemplary construction of the bat has the tubular frame 12 swaged from a constant- 
diameter alummum tube to yield an integral, weld-free frame. Such swaging results in 
a tubular frame with thinner walls at the hitting portion 18 and thicker walls at the 
handle portion 16. While swaging is used to produce the tubular frame 12 of the 
illustrated embodiment, it should be understood that other conventional methods of 
manufacturing the tubular frame may be used. 

[00030] In one preferred embodiment, the frame 12 is one-piece integral 
structure. In an alternative preferred embodiment, the handle and hitting portions 16 
and 18 of the frame 12 can be formed as separate structures, which are connected or 
coupled together. This multi-piece frame construction enables the handle portion 16 to 
be formed of one material, preferably, a composite material, and the hitting portion 18 
to be formed of a second, different material, such as, for example, an aluminum alloy. 
Other materials and material combinations may be used for the handle and hitting 
portions 16 and 18. 

[00031] The handle portion 16 of die frame 12 is sized for grq)ping by the user. 
Preferably, the handle portion 16 includes a grip 24 wrapped around and extending 
longitudinally along the handle portion 16, and a knob 26 connected to a proximal end 
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of flie handle portion 16. The hitting portion 18 of the frame 12 is "tobnlar,' 
"generally tubular, "or "substantiaUy tubular," each terms intended to encompass 
Softball style bats having a substantially cylindrical inq>act portion (or "bairer) as well 
as basebaU style bats having a generally frusto-conical barrel. The hitting portion 18 is 
preferably configured to receive the insert 22. A distal end of the hitting portion 18 is 
preferably curled inward to retain Ae insert 22, and an end cap 28 is attached to a distal 
region of the hitting portion 18 to substantially enclose the distal end of the bat 10. In 
one particularly preferred embodiment, the frame 12 has a yield strength of 
approximately 85,000 psi and the hittmg portion 18 has a length of proximately 13 
inches long and a wall thickness of approxunately 0.050 inches, and the insert 22 has a 
length of approximately 13.25 inches long. While such dimensions yield excellent 
results, it is to be understood that they are exemplary only, and that many permutations 
of the bat frame, insert, and gap dimensions will work equally well. All permutations 
fall witibin the scope of the present invention. 

[00032] Referring to HGS. 1 durough 3, the insert 22 is shown in greater detail. 
The insert 22 is a cylindrical structure preferably sized to extend within and along a 
significant portion of the hitting portion 18 of the frame 12. The msert 22 has opposing 
distal and proximal ends 30 and 32, which preferably engage the frame 12. Such 
engagement inhibits axial movement of the insert 22 within the frame 12. For exan^le, 
the proximal end 32 of the insert 22 can contact the intermediate tapered portion 20 of 
the frame 12, and the distal end 30 of the insert 22 can contact the curled distal region 
of the hitting portion 18 of the frame 12. In alternative preferred embodunents, the 
distal and proxhnal ends 30 and 32 of the insert 22 can be supported or fixedly coupled 
to the frame in other ways. For example, die distal end of the insert can be held m 
place by an end plug, which forms a closure for the tubular frame 11 at the end portion 
32. Alternatively, the insert may be end-supported within the tubular frame 11 in other 
ways, such as by fasteners or an adhesive. The insert also may be conq>ressively 
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restrained at its ends by the hitting portion and/or the intomediate tq)a:ed portion of 
die bat. 

[00033] The ibsert 22 is positioned within the frame 12 of the bat 10 such that the 
insert 22 is cs^Ie of moving indqiendentiy with respect to die frame 12 upon impact 
of die bat widi a ball. In one preferred embodiment, die insert 22 is formed with an 
outside diameter diat is slighdy smaller dian die mside diameter of the hitting portion 
18 of the frame 12. In a particularly preferred embodiment, the insert 22 has an 
outside diameter of approximately 2. 13 inches and die hitting portion 18 of die bat has 
an mside diameter of proximately 2. 15 inches, sudi that a nominal radial space of 
approximately .0010 inches can exist between die insert 22 and die frame 12. Odier 
insert and frame dimensions are also contaEq)Iated. Further, it is understood that such 
a space is not necessarily uniform, that manufacturing and other design tolerances can 
exist in the insert and the frame. In fact, the spatial relationship between the insert and 
the hitting portion 18 only needs to be sufficient to allow the insert and ioopact portion 
to move substantially independent of one another vpon impsxx. This independent 
movement enables die insiert 22 and die frame 12 to frmction during use with the 
characteristics of a leaf spring. 

[00034] The insert 22 and die hitting portion 18 of die frame 12 provide die bat 
10 widi two essmtially parallel walls in the "hitting zone" or barrel region. The 
independent movement of these two walls (the leaf spring action) produces an 
exceptional impact response or ''tranq)oline'' effect upon impact widi a ball. In a 
particularly preferred embodiment, grease, odier hibricants or a mold release (not 
shown) can be disposed between die insert and die frame to facilitate such independent 
movement. In other alternative preferred embodiments, a filler material such as, for 
example, a urethane, a rubber or other elastic material may disposed between the insert 
and die frame, wherein the filler material enables indq)eixlent movement between the 
insert and frame upon impact with a ball. 
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[00035] The insert 22 is formed of a high strengA, lightweight material^ 
preferably a heat treated ahiminum alloy. Alternatively, other matmals can be used, 
such as» for exanq>le» a titanium alloy, other metallic alloys, carbon fiber composite 
materials, metallic fiber conq>osite materials, fiberglass, other composite materials, and 
combinations thereof. The insert 22 is preferably formed as an integral one-piece unit. 
Alternatively, the insert 22 can be formed from two or more separate conqionents 
positioned end to end, in an overlying coaxial configuration, or a conobination thereof. 

[00036] In a preferred embodiment, the insert 22 includes at least one slit 34 
extending beginning at the proximal end 32 and longitudinally extending in the direction 
the distal end 30. The slit(s) 34 enable the proximal end 32 to readily inwardly deflect 
as it contacts the intermediate tapering portion 20 of the bat 10. The slit(s) 34 also 
facilitate engagement of the proximal end 32 witii die bat 10. In a particularly 
preferred embodiment, the msert 22 includes four spaced-q>art slits 34. Each slit 34 
has a length of approximately 1 .0 inch and a width of approximately 0.0625 inches. 
Slits 34 having alternative dimensions, orientations and configurations are also 
contemplated. In an alternative preferred embodiment, the insert can be formed 
without one or more slits. 

[00037] Referring to FIGS. 3 and 4, the insert 22 is shown in greater detail. In a 
preferred embodiment, the insert 22 includes the distal and proximal ends 30 and 32, 
first and second tubular wall transition regions 36 and 38, an intermediate tubular 
region 40, and distal and proximal tubular regions 42 and 44. The distal and proximal 
tubular regions 42 and 44 are positioned adjacent the distal and proximal ends 30 and 
32, respectively. The intermediate tubular region 40 is positioned between the first and 
second tubular wall transition regions 36 and 38. The first transition region 36 is then 
positioned between the intermediate tubular region 40 and the distal tubular region 42, 
and the second transition region 38 is positioned between the intermediate tubular 
region 40 and the proximal tubular region 44. The insert 22 is formed with variable 
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wall thickness. FIG. 3 illustrates one preferred embodiment of the insert 22 having 
variable wall thickness, and FIG. 4 illustrates another alternative preferred embodiment 
of the insert 22» wherein the variation in wall thickness between the regions is more 
pronounced (and readily visible). 

[00038] The intermediate tabular region 40 is preferably positioned at the 
location of adjacent die most responsive section of the hitting portion 18 of the frame 
12. In other words, the intmnediate tubular region 40 is preferably positioned adjacent 
the center of the "sweet spot'* of the bat. In one particularly preferred embodiment, the 
intermediate region 40 is centered at a location approximately 5.25 inches from the 
distal end 30 of the insert 22. The intermediate tubular region 40 preferably has a 
generally uniform wall thickness, which varies by less dian or equal to 0.003 inch. The 
wall thickness of the insert 22 is also preferably greatest at die intermediate tubular 
region 40. The generally uniform wall thickness of the intermediate tubular region is 
within the range of 0.030 to 0.090 inch. In alternative preferred embodiments, the 
mtermediate tubular region 40 can be formed of other thicknesses. The length of the 
intermediate tubular region 40 (shown as item A on FIGS. 3 and 4) is preferably withm 
the range of 0.25 to 9.0 inches. In a particularly preferred embodiment, the length of 
the intermediate tubular region is within the range of 1.0 to 5.0 inches. In one 
particularly preferred embodiment, as shown in FIG. 3, the intermediate tubular region 
40 has a wall thickness of approximately 0.056 inch and a length of proximately 1.0 
inch. In yet another alternative preferred embodiment, the insert can be formed 
without an intermediate tubular region. 

[00039] Each of the first and second tubular wall transition regions 36 and 38 has 
a wall thickness that varies along the longitudmal axis 14. The first transition region 36 
has a wall thickness that generally increases along the axis 14 from a first position 46, 
closest to the distal end 30, toward the proximal end 32. The second transition region 
38 is preferably similar to the first transition region, but varies in diickness in a manner 
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that is cqiposite to (or symmetrical about a transverse aoss-sectional plane exteiklmg 
through the intomediate region) the first transition region 36. In particular, the wall 
thickness of the second transition region 38 generally increases along the longitudinal 
axis 14 from a second position 48, closest to the proximal end 32, toward die distal end 
30. la a preferred embodiment, as shown in FIGS. 3 and 4, the wall thickness of the 
first and second transition regions 36 and 38 varies generally linearly and generalty 
uniformly along the longitudinal axis. In altonative preferred embodiments, the wall 
thickness of one or both of the first and second tubular wall transition regions can 
increase along its lengdi in a manner that is non-linear, staggo-ed, stepped, or a 
c(nnbination tho-eof . The variation in wall thickness of one or more of the first and 
second transition regions 36 and 38 along its loigtfa can vary within the range of 0.003 
to 0.050 inch. Preferably, the variation in wall thickness of one or more of the first 
and second transition regions 36 and 38 along its lengdi can vary within the range of 
0.005 to 0.040 inch. In particularly preferred embodiments, die variation in wall 
thickness of one or more of the first and second transition regions 36 and 38 along its 
length can vary within the range of O.OOS to 0.015 inch. For example, in one 
particularly preferred embodhnent, the wall diickness along die length of each of die 
first and second transition regions 36 and 38 varies by 0.006 iiich, from a wall 
diickness of 0.048 inch at one end the transition region to a wall thidmess of 0.054 inch 
at the other end of the transition region. 

[00040] The length of each of the first and second mbuUr wall transition regions 
36 and 38 (shown as items B and C, respectively, on FIGS. 3 ^md 4) is preferably 
widiin the range of 0.25 to 7.0 inches. In a preferred embodiment, the lengdi of the 
first and second tubular wall transition regions 36 and 38 is within die range of 0.50 to 
5.0 inches. In a particularly preferred embodiment, die lengdi of the first and second 
mbular wall transition regions 36 and 38 is widiin the range of 2.0 to 4.0 inches. In 
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alternative preferred embodiments, tbe first and second tubular wall transition regions 
can have the same length or varying lengths. 

[00041] The distal and proximal tubular regions 42 and 44 are preferably 
positioned at opposite ends of the insert 22. The distal tubular region 42 is positioned 
at the distal end 30 and extends to the first tubular wall transition region 36, and the 
proximal tubular region 44 is positioned at the proxhnal &ad 32 and extends to die 
second tubular wall transition region 38. The distal and proxhnal tubular regions 42 
and 44 each preferably have a generally uniform wall thickness, which varies by less 
than or equal to 0.003 inch along its length. The wall thickness of the msert 22 is also 
preferably the thinnest at at least one of the distal and proximal tubular regions 42 and 
44. The generally uniform wall thickness of the distal and proximal tubular regions 42 
and 44 region are within the range of 0.025 to 0.085 inch. In one particularly preferred 
embodiment, as shown in FIG. 3, the distal and proxhnal tubular regions 42 and 44 
each have a wall thickness of approxunately 0.048 mch. In alternative preferred 
embodunents, other wall thicknesses can be used, and the wall thickness can vary 
between the distal and proximal tubular regions 42 and 44. 

[00042] The lengOi of the distal tubular region 42 (shown as item D on FIGS. 3 
and 4) is preferably within the range of 0.25 to 4.0 mches, and the length of the 
proximal tubular region 44 (shown as item E on FIGS. 3 and 4) is preferably within the 
range of 2.0 to 6.0 inches. In a particularly preferred embodiment, the length of the 
distal tubular region 42 is preferably withm the range of 0.50 to 2.0 inches, and the 
length of the proximal tubular region 44 is preferably within the range of 3.0 to 5.0 
inches. In one particularly preferred embodhnent, the distal tubular region 42 has a 
length of approximately 1 .25 inches and a thickness of 0.048 inch, and the proximal 
tubular region 44 has a length of approximately 4.0 inches and a thickness of 0.048 
inch. Other lengths, other thicknesses and combinations thereof are also contemplated 
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under this invention. In yet another alternative preferred enibodiinent, the insert can be 
formed without one or botii of the distal and proximal end regions. 

[00043] In a preferred embodiment the outer diameter of the insert 22 is 
generally uniform along its length and the inaex diameter of die insert 22 varies along 
its length to accomnKxlate die variations in wall thickness along the length of die insert 
22. Preferably, die outer diameter of die insen 22 varies by less dian 0.0Q3 inch along 
the length of the insert 22, while the inner diameter varies by at least O.OOS inch along 
the length of the insert. By maintaining the outside diameto: of the insert 22 generally 
uniform along its length, die space or g^ betwem die outer surface of the insert 52 and 
^e inno' surfrce of die frame 12 can be more evodly distributed aaoss the inter&ce 
between the two components. The space or g^ need not be continuous or uniform, but 
rather, needs only to be sufficient enough to enable independent movement of the insert 
widi respect to the frame upon impact with a ball in a manner characteristic of a leaf 
spring. In alternative preferred embodiments, die insot can be formed with a goierally 
uniform inner diamet^ along its length and an outer diameta that varies along its 
length to accommodate variation in wall diickness of the insert of die present invention. 
In another alternative preferred embodiment, both die inner and outer diameters of the 
insert can be varied along their length. In another alternative preferred embodim^, 
the insert can include a taper that conforms to the general contour of the hitting portion 
of die bat frame, if the hitting portion includes a ts^pored region. 

[00044] The thickness of die insert 22 dierefore is greatest near the center of die 
sweet spot (at die intermediate region 40) and deceases (linearly, non-linearly or 
incrraientally) towards die distal and proximal end regions 142 and 144. Such an 
embodiment is advantageous because it provides the greatest thickness and strength io 
the area where most impacts occur, and less thickness and less weight (and hence 
greater flexibility) in the area where the stress is less. This design therefore behaves 
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much like a t^)»ed beam. As a resiilt Jess matoial is needed for the iosert 22 and/or 
fbt hitting portion 18. 

[00045] By varying the wall thickness of the insert 22 along its length in a sort of 
"table-top" configuration as shown in FIGS. 3 and 4, unnecessary and undesirable 
weight is removed from the ends of the insert. This removed weight from the insert 22 
can be repositioned to other locations on the ball bat such as at the handle portion, 
adjacent the knob, at the knob, or simply removed altogether from die bat. The ability 
to reposition this unnecessary weight in die insert to anodier location in the bat 10 
enables die bat to be op6nuzed or tuned for a particular sqpplication or for a particular 
ball player. The reduced wall fliickness of die insat 22, particularly toward the distal 
end 30 of the insert, enables the moment of inertia ("MOI") of die bat 10 to be 
decreased at the optimum location (die end of the bat). A bat with a Iowct MOI is 
easier to swing than a bat wiUi a higher MOI. The reduced MOI, particularly at die 
distal end of the bat, enables die player to achieve greater swing speed compared to a 
bat with a higher MOI, th^by providing in^roved performance, speed and power 
during impact. The variable wall thickness of die insert along its length allows for die 
efficiency of die bat's weight to be maximized and for die flexibility of the bat to be 
optimized along die barrel (or its hitting portion 18) without reducing the durability and 
reliability of the bat. 

[0004^ The variable wall diickness of die insert along its lengdi also significandy 
increases die size of die bat's sweet spot. This increase in the size of die sweet spot is 
evident in the following example. Two ball bats were tested by an mdepoident ball bat 
test facility, an approved test laboratory of die Amateur Softball Association ("ASA"). 
Each of die bats was tested in accordance with die ASA Bat Performance Standards and 
ASTM Standard No. F 2219 entided "Measuring High Speed Baseball and Softball Bat 
Performance. The ball bat tests included measurements of the coefficient of restitution 
("COR") of a ball bat at differmt impact locations along die hitting portion of die bat. 
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COR is a measure of inq>act efficiency calculated as the relative speed of a batted ball 
after impact divided by the relative speed of die ball before impact. BB COR is the 
COR of a specific ball colliding with a bat as defined in the test method of the ASA Bat 
Performance Standards and ASTM Std. No. F2219. In particular, the BB COR 
measurements were taken at the center of percussion ("COP**) of each ball bat and at 
positions one and two inches on either side of the COP. The COP is also known as the 
center of oscillation, the length of a sin[q>le pendulum with the same period as a 
physical penduhmi, as in a bat oscillating on a pivot. 

[00047] Referring to FIG. 5, a graph of the test data obtained firom the two bats 
tested is illustrated. The two bats are sof&all bats each having a barrel diameter of 
2.2S inches and a weight of 34 ounces. Each of the bats includes a handle portion 
formed of a composite material, a barrel (or hitting portion) formed of an aluminum 
alloy, and an insert also formed of an aluminum alloy. The insert of each bat is 
coaxially aligned withm the hitting portion the bat's frame. The insert of the first bat 
("BAT-ONE") has a uniform wall thickness of 0.054 inch along its length, and is 
configured to move indq>endently of the hitting portion of the bat upon unpact with a 
ball. The second bat ("BAT-TWO'') includes an insert having a wall thickness that 
varies over its length, such as die table-top configuration of FIGS. 3 and 4 above. In 
particular, the insert of die BAT-TWO includes an intermediate tubular region having a 
wall thickness of 0.056 inch and a lengdi of 4.0 mches, a distal and proximal end 
regions having a thickness of 0.048 inch, and first and second tubular wall transition 
regions each having a wall thickness that varied linearly along its length from a 
thickness of 0.056 inches at the intermediate tubular region to a thickness of 0.048 
inches away from the intermediate tubular region. 

[000481 HG. 5 illustrates BB COR measurements for the BAT-ONE and BAT- 
TWO ball bats recorded from ball impact locations at and adjacent to the COP of die 
ball bat. FIG. 5 also includes a line or curve connectmg the BB COR measurements 
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for each ball bat. For the purposes of this Example, the size of the sweet spot of a bat 
is deteraiined from tiie highest ineasured BB COR vahie and from locations on the 
gr^hical line or curve which are 3 % below the highest measured BB COR value. 

[00049] As seen from FIG. 5, the sweet spot of the BAT-ONE is bounded by a 
location 2 inches proximal of the COP of the BAT-ONE bat to a location approximately 
0.6 inch distal of the COP. Additionally, the highest BB COR value recorded for the 
BAT-ONE bat was 0.581. In contrast, the BAT-TWO ball bat, incorporatmg the msert 
of the presoit inventicm, exhibited a sweet spot extendmg from a location 2 inches 
proximal of the COP of the BAT-TWO baU bat to a location 1 .5 inches distal of the 
COP. Further, the BAT-TWO recorded a maximum BB COR of 0.587. Accordingly, 
a conq)arison of the sizes of the sweet spots of the two ball bats from FIG. 5 illustrates 
that the size of the sweet spot of the BAT-TWO ball bat is approxunately 33 % greater 
than the sweet spot of the BAT-ONE ball bat. 

[00050] It is noted that the size of the sweet spot of a ball bat can be affected by a 
number of factors includmg the material conq>osition of die bat, the size of the barrel 
and the weight of the bat. In diis example, howevo-, the material composition, barrel 
size and bat weights of the BAT-ONE and BAT-TWO ball bats were essentially the 
same. The only substantive difference between tiie two bat models was the insert 
configurations of the ball bats. 

[00051] Accordingly, the test data of HG. 5 reasonable demonstrates that die 
insert configuration of the BAT-TWO is a significant fector contributing to the 33 % 
increase in the size of die sweet spot. Ftuth^, Uie msert configuration of the present 
invention resulted in an ino^e in die maximum BB COR value of die ball bat. 

[00052] linportandy , in the context of die present regulatory envu-onment for baU 
bats, where limitations have been placed on the mayimimi batted ball speed and 
maximum impact response of a ball bat by most baseball and Softball organizations 
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govmimg organized play, a need exists for a bat that performs at or below these vahies 
but also can provide addtiional performance benefits. H^e, the present invoiticni 
enables the ball bat to meet existing regulatiny limits on bat maTimnin bat performance 
but also oiables the performance of tiie ball bat to be significantly ino^eased at locations 
away from the center of the sweet spot or the COP. Accordingly, a ball bat of the 
present invention can provide improved bat performance particularly for mpsLCt 
occurring at location away from the center of the sweet spot. Moreover, the 
. performance of a ball bat of the present invention can be tuned or optimized along the 
length of its barrel (or hitting porition 18) by varying the wall thickness of the bat along 
the barrel. Such (q^timization enables a bat to be configured for a particular size, 
weight, or material of a bat, or a particular application, ball, or player. 

[60053] Referring to FIGS. 6 and 7, an alternative preferred embodiment of the 
present invention is illustrated. In this embodiment, a tubular member 122, 
substantially similar to the insert 22, is positioned m an overlymg coaxial relationship 
with the hitting portion 18 of the frame 12 of the ball bat 10. Due to its position on the 
ex^or of the bait 10, the tubular member 122 is not an insert but rather is more of an 
"exert" or an "outsort." The tubular member 122 assumes the role of the inq)act 
portion (hitting portion) forming the outer wall of the bat, and the hitting portion 18 
assumes the role of die insert from the previous embodiment formmg the inner wall of 
th bat. FIG. 6 iUustrates one preferred embodiment of the tubular member 121 havmg 
variable wall thickness, and FIG. 7 illustrates another alternative preferred embodunent 
of the insert 22, whorein the variation in wall thickness between the regions is more 
pronounced (and readily visible). 

[00054] Similar to die insert 22, the tubular member 122 includes distal and 
proximal ends 130 and 132, first and second tubular wall transition regions 136 and 
138, an intermediate tubular region 140, and distal and proximal tubular regions 142 
and 144. Each of these regions are configured to be substantially similar to the 
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corresponding regions of the insert 22 described above, including the lengdis and wan 
thicknesses discussed above. The outer and hmer diameters of the tubular member 122 
are larger than the outer and imet diameters of the insert 22 to enable the tobular 
member 122 to be coaxially aligned on the outer surfece of the hitting portion 18 of the 
frame 12. The mbular member 122 is configured to move indq)end^y with respect 
to the hitting portion 18 of the frame upon unpact with a ball in a manner characteristic 
of a leaf ^ring. As such, the tubular member 122 is configured to provide 
substantially similar multi-waU performance characteristics as the insert 22. 

[00055] In order to maintain a generally even distribution of space, or gap 
between the tubular member 122 and the outer surface of the hitting portion 18 of the 
frame 12, the inner diameter of the mbular member 122 is generally uniform along it's 
lengdi. The outer diameter of the mbular member 122 then varies along die length of 
the mbular member 122 in order to accommodate the variations in wall thickness of the 
mbular member 122 along each of the regions. The space or gap need not be 
continuous but rather need only be sufficient to all for independent movement of die 
mbular member 122 and the hitting portion 18 upon impact with a ball. The mbular 
monber 122 is configured to provide similar p^rmance benefits to the bat 10 as 
provided by the insert 22. In an altemaidve preferred embodunent, the inner diameter 
of the mbular member and the outer diameter of the hitting region of the bat may vary 
aloiig dieir lengths and vary in a corresponding manner to accommodate a taper in the 
bat: 

[00056] Referring to HGS. 8 and 9, another alternative preferred embodiment of 
the present invention is illustrated. In this alternative preferred embodunent, a bat 200 
including a frame 212 having a handle portion (not shown), a hitting portion 218 and a 
intermediate portion 220 between the handle and hitting portions is iUustrated. The bat 
200 is formed without an insert coaxially aligned with die hitting portion 218 of die 
frame 212. Rather, the hitting portion 218 of the bat 200 has a single-wall 
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constraction, wherein the wall diickness of die hitdng portion 218 varies longitudinally 
along its length. With the exception of the varied wall thickness of the hitting portion 
218, tiie frame 212 of the bat 200 is subs^ntially similar to the frame 12 of the bat 10 
described above. FIG. 8 iUustrates one prefixed embodhnent of the bat 200 having 
variable waU thickness, and HG. 9 iUustrates another altemative preferred embodiment 
of the bat 200, wherein the variation in wall thickness between the regions of the hitting 
portion 218 is more pronounced (and readily visible). 

[00057] The hitting portion 218 of the bat 200 includes first and second tubular 
wall transition regions 236 and 238, an intermediate tubular region 240, and distal and 
proximal tubular regions 242 aud 244. The distal and proximal tubular regions 242 and 
244 positioned adjacent a distal end of the bat 200 and the mtermediate portion 220 of 
the frame 212, respectively. The intermediate tubular region 240 is positioned between 
the first and second tubular wall transition regions 236 and 238. The first transition 
region 236 is then positioned between the intermediate tubular region 240 and flie distal 
tubular region 242, and the second transition region 238 is positioned between the 
mtermediate tubular region 240 and the proximal tubular region 244. 

[00058] The intermediate tubular region 240 is preferably coitered about the 
sweet spot of the bat. The intermediate tubular region 240 preferably has a generally 
uniform wall tiiicfcness, which varies by less than or equal to 0.003 inch. The wall 
thickness of the hitting portion 218 is also preferably greatest at the mtermediate tobular 
region 240. The generally uniform wall tiiickness of die intermediate tubular region 
240 is within tiie range of 0.055 to 0. 120 inch. In altemative preferred embodiments, 
the intermediate tubular region 240 can be formed of otiier thicknesses. The lengfli of 
die mtermediate tubular region 240 (shown as item A on FIGS. 8 and 9) is preferably 
widiin die range of 0.25 to 9.0 inches. In a particularly preferred embodiment, the 
length of die intermediate mbular region 240 is widiin die range of 1.0 to 5.0 inches. 
In one particularly preferred embodiment, as shown in FIG. 8, die intermediate tubular 
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region 240 has a waD thickness of proximately 0.076 inch and a length of 
approximately 1.0 inch. In yet another alternative preferred eiiibodiment, the hitting 
region can be formed witiiout an intermediate tuhular r^on. 

[00059] Each of the first and second tubular wall transition regions 236 and 238 
has a wall thickness that varies along die longitudinal axis 14. The first transition 
region 236 has a wall diickness that generally increases along the axis 14 from a first 
position 246, closest to the distal end of die bat 200, toward die handle portion. The 
second transition region 238 is preferably similar to die first transition region 236, but 
varies in diickness in a manner that is opposite, or symmetrical to, die first transition 
region 236. In particular, die wall diickness of die second transition region 238 
generaUy increases along die longitudinal axis 14 from a second position 248, closest to 
die handle portion, toward die distal aid 30. In a prefored mbodunent, as shown in 
FIGS. 8 and 9, the wall thickness of the first and second transition regions 236 and 238 
varies generally linearly and generally uniformly along die longitudinal axis 14. In 
alternative preferred embodunents, the wall diickness of one or bodi of die first and 
second mbular wall transition regions can increase along its length in a manner diat is 
non-linear, staggered, stepped, or a combination thereof. The variation in wall 
diickness of one or more of die first and second transition regions 236 and 238 along its 
lengdi can vary widiin die range of 0.003 to 0.050 inch. Preferably, die variation in 
wall diickness of one or more of die first and second transition regions 236 and 238 
along its lengdi can vary widiin die range of O.OOS to 0.040 inch. In particularly 
preferred embodunents, die variation in wall diickness of one or more of die first and 
second transition regions 236 and 238 along its length can vary within the range of 
0.005 to 0.015 inch. For example, in one particularly preferred embodiment, the wall 
diickness along die lengdi of each of the first and second transition regions 236 and 238 
varies by 0.008 inch, from a wall duckness of 0.068 mch at one end die tiansition 
region to a wall thickness of 0.076 inch at die odier end of the transition region. 
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[00060] The length of each of tbe fust and second tabular wan 
236 and 238 (shown as items B and C, respectively, on HGS. 8 and 9) is preferiibly 
within the range of 0.25 to 7.0 inches. In a preferred embodiment, the length of the 
first and second tubular waU transition regions 236 and 238 is within the range of 0.25 
to 5.0 inches. In a particularly preferred embodiment, the length of the first and 
second tubular wall transition regions 236 and 238 is wifliin the range of 2.0 to 4.0 
inches. In alternative preferred embodiments, the first and secimd tabular wall 
transition regions can have the same length or varying lengths. 

[00061] The distal and proximal tabukir regicms 242 and 244 are preferably 
positioned at opposite ends of the hitting portion 218. The distal tabular region 242 is 
positioned at the distal end of the bat 200 and extends to the first tubular wall transition 
region 236, and the proximal tabular region 244 is positioned at the intennediate 
portion 220 of the frame 212 and extends to the second tubular waU transition region 
238. The distal and proximal tabular regions 242 and 244 each preferably have a 
generally uniform wall thiclaiess, which varies by less than or equal to 0.003 inch along 
its length. The generally uniform waU thickness of the distal and proximal tabular 
regions 242 and 244 region are within the range of 0.045 to 0.105 inch. In one 
particularly preferred embodiment, as shown in HG. 3, the distal and proximal tubular 
regions 242 and 244 each have a wall thickness of approxhnately 0.068 mch. In 
alternative preferred embodiments, other wall thicknesses can be used, and the wall 
thickness can vary between the distal and proximal tabular regions 242 and 244. 

[00062] The length of die distal tabular region 242 (shown as item D on FIGS. 8 
and 9) is preferably within the range of 0.25 to 4.0 inches, and the length of the 
proximal tabular region 244 (shown as item E on HGS. 8 and 9) is preferably within 
the range of 2.0 to 6.0 inches. In a particularly preferred embodiment, the length of 
the distal tabular region 242 is preferably within the range of 0.50 to 4.0 inches, and 
the length of the proximal tabular region 244 is preferably within the range of 3.0 to 
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7.0 inches. In one particularly preferred onbodiment, tiie distal tubular region 242 has 
a length of approximately 2.50 indies and a thickness of 0.068 indi» and die proximal 
tubular region 244 has a length of approxhnately 3.5 indies and a tiiidmess of 0.068 
inch. Other lengths, odier diicknesses and ccmibinations diereof are also c(nitaiq>lated 
under this invention. 

[00063] In this single wall configuration, the intermediate portion of the frame 
220 may also include a wall thickness, which varies along its length. The variable wall 
thickness enables the flexibility of the bat to be adjusted. The wall thickness of the 
. intermediate portion 220 of the bat frame 212 can fall within the range of 0.050 to 
0.250 inch. Preferably the wan thickness of the intermediate portion 220 varies along 
its lengdi from the hitting portion 218 toward the handle portion. The wall thidmess 
variation can be an increase, a decrease, or increase and decrease in wall thickness 
along the length of the intermediate portion 220. This variation in wall thickness can 
be linear, non-linear, staggered, s^^, or a combination thereof. The specific waU 
thickness profile selected depeads upon die application, the material, and the length of 
the bat, as well as the type of ball to be used and the player. In one particularly 
preferred embodiment, the wall thickness varied along its length from a value of 0.067 
to .200 inch from a distal end of the intermediate portion 220 to a proximal end of the 
intermediate portion 220. In another particularly preferred embodiment, the wall 
thickness of the intermediate portion 220 varied along its length from a value of 0.110 
inch at a distal end of tbe intermediate portion 220 to a value of 0. 132 inch as a mid- 
position of the intermediate portion 220 and then to .077 inch at a proximal end of the 
intermediate portion 220. Other wall thicknesses and variations in wall thickness are 
also contemplated under the present embodiment. 

[00064] In yet another alternative preferred embodunent, the hitting portion can 
be formed with one or more additional tubular wall transition regions and/or one or 
more additional intermediate regions. For example the ball bat could mclude a diird 
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tabular wall transition region positioned at a location distal of ite distal end portion and 
or the first tubular wall transition portion, whorein the third tubular wall transiticm 
region increases in wall tiiickness along its length toward the distal end of the ball bat. 

[00065] In another alternative preferred embodiment, die additional wall 
thickness can be used at the distal end of the bat to add strength or weight to the distal 
end of the bat, and to provide additional support for an end cap. The wall tiiickness of 
the hitting portion 218 can be varied to compensate for the stif&iess and/or softness of 
tiie end cap bemg used as well as for the tapered ends of tiie bat frame. The tzpets of 
tiie intermediate region 220 of tiie bat and any curling which may be formed mto tiie 
distal end of die bat frame 212 further stiffens tiie bat frame. Therefore, the wall 
thickness can be adjusted to further optimize bat performance in light of a taper or a 
curled end. 

[00066] In a preferred embodunent tiie outer diameter of the hitting portion 218 
is generally uniform along its length and tiie mner diameter of the hitting portion 218 
varies along its lengtii to accommodate die variations m wall thickness along die length 
of die hitting portion 218. In alternative preferred embodunents, the insert can be 
formed with a generally uniform inner diameter along its length and an outer diameter 
that varies along its length to accommodate variation in wall thickness of the insat of 
the present mvention. In another alternative prefixed embodim^t, botii the inner and 
outer diameters of the insert can be varied along their length, la another alternative 
preferred embodiment, the inner and/or outer diameters of the hitting portion may vary 
along dieir length to accommodate a taper formed into the shai^e of the bat. 

[00067] This raibodiment enables die wall duckness of die hitting portion 218 to 
be tailored or tuned to a specific application, bail-type or player. Further, die wall 
diickness can be matched to other factors such as the barrel length, the bat weight, and 
die material selected to optimize flex widiin the strength of the material of die bat 
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across the entire length of the barrel (or hitting portion 218). The bat's performance 
can be tuned along the barrel (the hitting portion 2 18) of the bat» thereby enablmg the 
bat to be configured to meet performance requirements of regulatory organizations in 
organized Softball and baseball, as well as maximize the size of the sweet spot. Like 
the multi-wall embodiments described above, the present embodiment enable the MOI 
of the bat, particularly at the distal end of the bat, to be reduced thereby enabling the 
player to increase his or her swing speed. The present embodunent results in an 
enlarged sweet spot and improves the poformance of the bat beyond that of 
conventional single-wall bats. 

[00068] Referring to FIG. 10, another alternative preferred embodunent of the 
present invention a ball bat 300 is illustrated in an exaggerated or pronounced form 
such that the variations in wall thickness are readily visible. The ball bat 300 includes 
the frame 212 and the insert 22. The insert 22 is preferably positioned within the frame 
212 in a manner substantially similar to position of the insert 22 in the frame 12. 
Preferably, the outside diameter of each of the hitting portion 218 and the insert 22 is 
generally uniform along its length and the mside diameter varies along its length. In 
this embodiment, the insert 22 remains configured to move independently of the hitting 
portion 218 upon impact with a ball and sufficient space remains between the hitting 
portion 218 and the insert 22 to enable such independent movement. In one particularly 
preferred embodiment, the wall thickness of the intermediate region 240 is greater than 
the wall thickness of the one or both of the distal and proximal tubular regions 242 and 
244 by 0.006 inches. In this particularly preferred embodiment, the nominal radial 
space between the outside diameter of the insert 22 and the inside diameter of the 
hitting portion 218 at one or both of the distal and proximal tubular regions 242 and 
244 is approximately 0.010 inches and the nominal radial space between the outside 
diameter of the insert 22 and the intermediate tubular region 240 is approximately 
0.004 inches. In other particularly preferred embodiments the variation m wall 
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thickness, and the variation in the space existing, between the insert 22 and the hitting 
portirai 218 can vary be configured in numerous different combinations. Contact may 
exist at various points or regions betwem the insert ^ and the hitting portion 218 
provided Oat the insert 22 ronains capable of moving indq)endentiy of the hitting 
portion 218 upon impact with a ball in a manner which is characteristic of a leaf spring. 
This variable wall configuration provides benefits similar to the preferred embodunoits 
discussed above. A lubricant or other friction reducing material may be di^sed 
between the hitting portion 218 and the insert 22. In alternative preferred 
embodiments, the variable thickness of one or both of the insert and the hitting portion 
can vary inwardly, outwardly, or a combination thereof. 

[00069] Referring to FIG. 1 1 , another alternative preferred embodiment of the 
present invention is illustrated. In this alternative preferred embodiment, the insert is a 
multi-piece insert wh^ein an innomost insert 422 is coaxially positioned within an 
intermediate insert 522, and both inserts 422 and 522 are positioned with the hitting 
portion 218 of the bat 200. The hitting portion 218, and the inserts 422 and 522 are 
shown in an exaggerated manner in order to render the variation in waD thickness of the 
hitting portion 218, and the inserts 422 and 522 readily visible. The inserts 422 and 
522 are substantially similar to die insert 22 and can include an intermediate tubular 
region 440 and 540, first and second tubular wall transitions regions 436, 536 and 438, 
538, and distal and proximal tubular regions 442, 542 and 444, 544. Although, 
generally, die nominal or average wall fliickness of the inserts 422 and 522 is 
preferably thinner than the single insert 22. Preferably, the outside diameter of each of 
the hitting portion 218, die innermost iosen 422 and die intermediate insert 522 is 
generally uniform while die inside diameter of each of the hitting portion 218, die 
innermost insert 422 and the intermediate ins^ 522 varies along its loigdi. Each of 
the hitting portion 219, the iimer most insert 422 and the intermediate insert 522 are 
positioned and configured to move independently with respect to each other upon 
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inq)actwithabaUmainaimer charact^ticof ali^ The surfaces of the 

hitting portion 218, and the inserts 422 and 522 may contact each other provided that 
sufficient space exists to enable indq)endent mov^nent between the hitting portion 218 
and the inserts 422 and 522. This variable wall configuration provides benefits sunilar 
to the preferred embodimrats discussed above. 

[00070] A lubricant or othCT friction reducing material may be disposed between 
one or more of the hitting portion 218, the innermost insert 422, and the mtermediate 
insert 522. In other alternative preferred embodiments, three or more inserts can be 
used in lieu of the inserts 422 and 522. In still other alternative preferred 
embodiments, the variable thickness of one or more of the innennost insert 422, die 
intemiediate insert 522, and the hitting portion can vary inwardly, outwardly, or in any 
combination tiiereof . 

[00071] Referring to HG. 12, anotiier alternative preferred embodiment of the 
present invention is illuistrated, in which an insert 622 is installed within, and coaxially 
aligned witii, the hitting portion 18 of the bat 100. The insert 622 can include multiple 
variations in wall thickness along its Icagfti, In this manner die insert 622 can be 
fomied at a greater thickness at particular locations along tiie hitting portion 18 of the 
frame 12 and at a reduced thickness at other locations along the hitting portion 18. The 
insert 622 is similar to the insert 22 and is positioned in the frame 12 in a manner 
similar to that of insert 22. This variable wall thickness construction with multiple 
tiiickness variations along tiie lengtii of the insert enables the bat to be finely tuned to 
match a particular performance objective. FIG. 12 illustrates one particularly preferred 
embodiment wherein the width of the insert increases and decreases at multiple 
locations along the length of the insert. In fliis particularly preferred embodiment, the 
insert 622 includes multiple intermediate tubular regions (shown as item A), at least 
four tubular wall transition regions (shown as items B and C), proxunal and distal end 
regions (shown as items D and E) and other regions having wall thickness similar to the 
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proximal or distal end regions. In other particularly preferred embodiments, other 
combinations of wall thickness variations, configurations, and thickn^ses are 
ciCMQtaiq>lated. 

[00072] The insert 622 includes a proximal end, a distal mi and an average 
thickness vahie. The wall thickness of the msat 622 varies along its length such that at 
least first and second separate portions of the insert 622 have thickness greater than the 
average thickness, and at least fliird and fourfli separate portions of the insert 622 have 
a wall thickness below the average wall thickness value. For exan^le, referring to 
FIG. 12, the portions of the insert 622 identified as item A have a wall thickness, which 
is greater than the average thickness of the insert 622, and the portions of the msert 622 
identified as itons D and E (and the portion between itanas C and B), each have a wall 
thidmess, whidi is lower dian the average wall diickness of the insert 622. 

[00073] The insort 622 preferably has a generally uniform outside diameter along 
its length and an inside diameter that is variable along its length. Alternatively, the 
opposite configuration can be employed. The insert 622 is configured to move 
independently of the hitting portion 18 upon ian^ct with a ball in a manner 
characteristic of a leaf spring. 

[00074] While the prefinred mbodiments of the present invention have been 
described and illustrated, numerous departures thmfirom can be contemplated by 
persons skilled in the art. Therefore, the present invention is not limited to die 
foregoing description but only by the scope and spirit of the appended claims. 
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